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摘要 
在环境监测，食品安全，化学、医药产业和日常生活中，如何便捷地检测
出目标物的化学成分成为了一个迫切的需求。传统的化学检测方法往往需要专
业的检测人员在实验室进行，并且一种化学分子对应一种专门的检测方法，同
时对多种混合物质鉴别的方法并不多见。拉曼光谱是一种指纹式的鉴别方法，
一种特定的分子往往具有数个拉曼特征峰，这些特征峰的拉曼偏移是固定的。
因此拉曼光谱可以通过特征峰同时鉴别出多种化学分子，检测时间仅需要几秒
钟，而且操作简单，只需要将探头对准被测物即可，这为化学检测走出实验室
提供了极大的便利。 
拉曼光谱仪推广应用的瓶颈之一在于仪器比较昂贵，即使是便携式拉曼光
谱仪的价格也比一辆家用轿车高。其原因是光学元件的制造和装配成本难以降
低。随着集成光学的发展，透镜、光栅等光学元件的功能可以用光波导组成的
元件替代，芯片光谱仪成为可能。实现拉曼芯片光谱仪的一个关键技术瓶颈是
多模光纤与光波导的耦合。由于拉曼信号是激光照射到目标物表面后的散射光，
为提高收集效率，必须使用芯层直径 100 或 200 微米的多模光纤来接收，而光
谱仪芯片光波导的芯层尺寸只有几微米，尺寸的失配使多模光纤到光波导的耦
合效率很低。为解决这一问题，现有技术中有两种途径：一是采用拉锥的多模
光纤减小出射光斑的直径；二是采用纵向耦合技术。但是光纤的拉锥技术成本
高且难以获得 10 微米以下的出射光斑，而纵向耦合技术一般波长范围只有几十
纳米，难以满足光谱仪的需求。 
本文分别对上述两种耦合技术在芯片光谱仪上的应用做了探索，包括两方
面的研究内容。首先通过硅的各向异性腐蚀，制作多模光纤的固定对准结构，
创新之处在于在前端制作锥形结构并灌注光学胶，降低光纤的出射角。另外研
究了倾斜阵列波导结构的制造技术，在氮氧化硅光波导上面通过倾斜波导阵列
将垂直耦合的多模光转化成单模信号，并耦合进波导中。 
第一章讨论了与芯片光谱仪和多模光纤/波导耦合技术相关的研究成果和
理论背景；第二章阐述了端面固定对准结构的设计和制造过程。为降低对准的
难度，设计了上、下两片的结构和相应的对准标志，当两片对准粘合后形成光
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纤的插孔，插孔的中心与两个硅片的交界面对齐，芯片光谱仪芯片通过对位标
记面朝下对准安装在较大的硅片上，使光纤插入插孔后自动对准输入波导。 
第三章讨论了纵向耦合结构，该设计的创新点是通过倾斜波导阵列将多模
光信号转换成单模信号阵列，然后耦合进氮氧化硅波导中。通过激光直写制作
了间隙小于 2 微米的模板，机械加工了专用的光刻模具，通过有一定倾斜角的
光刻后获得了倾斜的聚合物波导阵列。为了提高光刻效果，将模板和芯片浸入
去离子水中，获得了较好的效果。与芯片光谱仪工艺结合，通过硅的各向异性
腐蚀，将波导下的衬底硅去除，并蒸镀反射金属膜，获得了最终的器件结构。 
第四章对获得的两种结构的耦合特性进行了光学测试。为比较性能起见，
首先搭建了芯片光谱仪的测试系统，通过三轴压电微位移平台实现了输出波导
的自动测试，为观察和调整纵向耦合，设计制作了斜场显微镜和倾斜角测试系
统，最终实现了耦合特性的测试。 
综上所述，针对芯片光谱仪开发中遇到的多模光纤与氮氧化硅波导的耦合
问题。本文研究了端面耦合和纵向耦合两种耦合技术，其中端面耦合的创新点
在于在光纤通道的前端制造了锥形光学胶结构，降低了出射光的发散角，得到
的耦合器制造工艺简单，对准容差高，即使插入非拉锥光纤依然能达到拉锥光
纤的效果，在未来光谱仪集成中将大大降低制造成本。纵向耦合技术的特点是
采用倾斜聚合物波导阵列将多模信号转换成成束的单模信号，并纵向耦合进光
波导中。本文开发了这两种结构的工艺，成功获得了与芯片光谱仪集成的耦合
结构。另外，作者搭建了芯片光谱仪的测试平台，完成了芯片的光学测试。上
述工作为芯片光谱仪的研制打下了基础。 
 
关键词：多模光纤/波导耦合；氮氧化硅波导；芯片光谱仪 
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Abstract 
An easy and fast identification technology for chemical molecules is in huge 
demand in environment monitoring, food safe, chemical and medicine industry and 
even in daily life. In traditional approaches, professionals are normally employed to 
make the identification in a laboratory, and each chemical is generally determined 
only by a specific recipe. A method is still in lack for detecting multiple chemical 
molecules in a mixed object. Many chemicals have unique Raman spectrum like its 
fingerprint， and the location of its Raman peaks is fixed. So Raman spectroscopy 
can recognize multiple chemicals in a mixed object by read these peaks. In addition, 
it is a simple and straightforward method and only takes a few seconds by point the 
probe to the sample. These features are essential to bring the chemical identification 
from lab to daily life. 
However, the expensive Raman spectrometer hinders the widely use of Raman 
spectroscopy. Even a portable and imprecise Raman spectrometer is as expensive as 
a motor vehicle. The cost of complex optical components and their mounting process 
make it hard to reduce the price. With the development of integrated optics 
technology, traditional optical components like lens, grating can be replaced by their 
counterparts built on waveguide, which make it possible to realize chip 
spectrometers. One of the critical issues related to chip spectrometer is the coupling 
of multimode fiber to waveguide. Multimode fiber with a core 100 or 200 nm in 
diameter has to be used in a Raman spectrometer to collect the scattering Raman 
signal efficiently. However, the size of waveguide is only several microns. The huge 
size mismatch between the multimode fiber and waveguide generates poor coupling 
efficiency. There are two approaches to address this problem in literatures. 
Fused-tapered multimode fiber had been reported for coupling to waveguide by 
shrinking the size of output light spot. Vertically coupling is also used to induce the 
light from fiber to the waveguide surface instead of its cross section. However, the 
fused tapered fiber is expensive and hard to obtain light spot below 10 micron in 
diameter while the vertically coupling technology suffers from limited effective 
wavelength range, which is only in the range of tens nanometer and hardly meet the 
requirement of chip spectrometer. 
Both of these two approaches were investigated in this dissertation for the 
application of chip spectrometer. A micromachining multimode fiber holder was 
fabricated by the anisotropic etching of silicon substrate. A tapered tip was prepared 
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and filled with optical resin to reduce the divergence angle of the output light of 
multimode fiber. A novel vertically coupling method using titling polymeric pillars 
array was designed, simulated and fabricated. The output multimode light from the 
fiber changes to a bundle of single mode light by passing through each pillar in the 
tilting pillars array, and further coupling to the surface of oxynitride waveguide. 
The previous literatures related to the coupling of multimode fiber to waveguide 
were cited and discussed in Chapter 1. The design, simulation and fabrication of 
multimode fiber holder with tapered tip was introduced in Chapter 2. Two pieces of 
silicon substrate with trench was aligned face to face by the aid of aligning marks, 
and a holding hole of fiber was formed by the two aligned trenches. The center of the 
holding hole aligns the interface of the two pieces of silicon substrate. The 
spectrometer chip was mounted on the bigger silicon substrate facedown to make the 
fiber align the waveguide in three directions automatically.  
The design, simulation and fabrication of a vertically coupling chip spectrometer 
were introduced in Chapter 3. Multimode output light from fiber was converted to an 
bundle of single mode light by passing through the titling polymeric waveguide 
array，  and coupling into the oxynitride waveguide vertically. A mask with 
minimum size less than 2 micron was prepared by laser direct writing tool. The mask 
and the wafer was aligned, mounted together and placed on a incline base. An array 
of titling pillar was obtained after UV exposure and developing. We also found the 
shape of the pillar was much better if we immersed the mask and chip into DI water 
during UV exposure. After the formation of titling polymeric pillars on spectrometer 
chip, the underneath silicon substrate was removed by anisotropic etching. Last, thin 
metal film was deposited on the backside of silicon substrate to obtain the final 
structure. 
Both of the fabricated coupling structures were optically characterized in chapter 4. 
First, a testing apparatus was built which used a three dimensional piezoelectric 
displacement controller to align the multiple output waveguides automatically. A 
tilting base as well as tilting microscope system was also prepared to measure the 
incline angle in the case of vertically coupling. Finally, the testing system is 
demonstrated to able to measure the coupling efficiency effectively. 
In conclusions, both the end face coupling and vertically coupling technology 
between multimode fiber and oxynitride waveguide was investigated in this 
dissertation to meet the requirement of chip spectrometer. A new end face coupling 
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approach using a fiber holder with a tapered tip was presented to reduce the 
divergence angle of output light. In the case of vertically coupling, multimode light 
was converted to an array of single mode light by passing through a titling polymeric 
pillars array, and coupling to oxynitride waveguide vertically. The fabrication 
process of these two coupling structure was demonstrated. The testing apparatus of 
chip spectrometer was developed, especially for vertically coupling test.  
Keyword: fiber-waveguide coupling; chip spectrometer; multimode fiber
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